ABSTRACT
Diseases which do not characteristically cause wilting are not generally thought to affect host water relations adversely. However, there are indications that foliar infection, particularly by rust fungi, can cause unusual levels of plant water stress to occur. For example, rusted bean and corn leaves were found to have lower water contents than healthy leaves under conditions conducive to water stress (19) . In terms of yield, a brief drought was also found to be more damaging to rust-infected than to healthy wheat plants (4) . Furthermore, rust infection has been shown to alter osmotic potential (16) as well as transpiration rate (8) and root growth (20) or function (4 (1) where cw, and ca (g cm-3) are the water vapor concentrations at the surface of the mesophyll cell walls and in the ambient air, respectively, r. (sec cm-') is the boundary layer resistance and r1 is the resistance of the leaf. The parameters in equation 1 were obtained from measurements of transpiration in a leaf chamber. The value of cu, was assumed to be the saturation vapor concentration at leaf temperature, which was measured with a thermocouple in the leaf blade. Values of (ra + ri) were thus obtained from measurements of leaf temperature, transpiration rate, and ambient vapor concentration (15) . Small fans in the chamber made ra constant and relatively small. Its value was found to be 0.23 sec cm-' using wet blotting paper (r1 = 0), instead of a real leaf. For any set of measurements of (ra + rj), r, was then obtained by subtraction of ra .
Transpiration measurements were made under a mercury vapor lamp which provided a radiation flux density of 20 mw cm-2 in the 300 to 700 nm wave band. The chamber was equipped with a p-gauge for the measurement of leaf water content (13) , and water stress was induced during the measurements by slowly chilling the roots to 0 C. Figure 2 .
RESULTS AND DISCUSSION
Measurements of freezing point depression also showed little difference in ,6,, between healthy and diseased plants. 
WATER RELATIONS OF RUST-INFECTED BEANS
projected value of i at 41leaf = 0 in Figure 2 . Apparently rust does not predispose plants to drought by increasing leaf / . The differences observed between healthy and diseased plants in i6, (ilJeaf -p,, in Table I ) can be attributed to the variation in leaf water content associated with differences in {l ea f (Fig. 2) .
Root to Shoot Ratio. Root to shoot ratics of healthy and diseased plants were 1.14 and 0.85 g cm-2 X 10-2, respectively (0.15 X 10-2 = LSD at 5%"). Increased root resistance might therefore contribute to the wilting of diseased plants. However, a cessation of root function, like that reported in heavily rusted wheat plants (4), was not evident in this study. Rust-infected bean plants did not wilt unless water was withheld or transpirational demands were increased. Transpiration. Transpiration was implicated as a cause of wilting when it was observed that diseased plants in solution culture wilted when placed in front of a fan while comparable healthy plants remained turgid. The exact role of transpiration in wilting was examined by measuring the diffusive resistance of a leaf, rj, as a function of its decreasing relative water content (0).
The value of rz in a healthy leaf increased markedly when 0 dropped below 85% (4l/1af < -11.0 bars) and increased to nearly 50 sec cm-' by the time 0 dropped to 70% (#leaf -15.0 bars) (Fig. 3) . This increase in r, with leaf water stress is similar to that found previously in bean (14) . In contrast to healthy leaves. the r, value of a leaf with 30 sporulating colonies per cm2 remained less than 8 sec cm-', even when 0 was reduced to 51 %o (),l'eaf -25.0 bars). When the measurements were repeated in the dark, the values of ri in a comparable healthy or infected leaf at a given value of 0 were essentially twice those shown in Figure 3 for the two conditions.
Stomatal closure in response to leaf water stress is responsible for the increase in ri with the decrease in the water content of healthy leaves (14) . This closure helps to maintain a balance between the rates of water supply and water loss and thus to prevent injurious water loss. Evidently, such limitation of water loss does not occur in rust-infected leaves after the time of sporulation. Thus, the diseased plant suffers from a continuous water loss which is of serious consequence when the transpirational demand exceeds the capacity of the plant-soil system to supply water. In addition, the capacity to supply water is reduced in rust-infected plants, as evidenced by the reduction in root to shoot ratio. Silicone rubber impressions of leaf surfaces, made at the end of the transpiration measurements, indicated that the stomata were closed. This observation and the small increase in the r1 of diseased leaves with water stress or darkness, indicate that the cuticular component of r, was very small. The cuticle is physically damaged at the time of sporulation, and apparently there is a significant water vapor flux through the sporulating colonies (see also 8, 18) .
The conclusion that continuous water loss through damaged portions of the cuticle is the primary cause of wilting suggests that the susceptibility of a plant to drought will be somewhat proportional to the number of sporulating rust colonies on the plant. Thus, even rather sparse rust infections may be of consequence under arid conditions. Other pathogens that are thought to increase cuticular water loss (11, 18) probably also adversely affect host water relations. An inhibition of stomatal closure would affect plant water relations as rust infection does, and there is evidence that a toxin produced by a plant pathogen causes such an inhibition (17) . In comparing the effects of diseases on water relations, it is interesting to note that the mechanism which upsets the water economy of rust-infected plants is just the opposite of the restriction of water flow to leaves which occurs in plants with vascular wilt disease (6).
There is evidence that plant water stress reduces photosynthe- (12) , growth (2) , and crop yield (9) . Because of these reductions and because rust infection can cause unusual levels of water stress to occur throughout the plant, the effect of rust on water relations may well be the most damaging effect on the disease on the host plant. 
